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Abstract 
Currently, the problem of expanding the production of 131-I radionuclide for medical purposes is still relevant. The main consumer of 
this product in the European region is the MRRC of the Russian Ministry of Healthcare (Obninsk). 131-I production at the Obninsk Branch 
ofthe JSC “Karpov Institute of Physical Chemistry” is insufficient and requires additional supplies of 131-I from NIIAR (Dimitrovgrad). On 
the other hand, due to the fact that the half-life of 131-I is only eight days, its transportation over long distances is not feasible. Therefore, 
an increase in this isotope production at the Obninsk Branch of the Karpov Institute can bring significant economic benefits. 
At present a new design of the target for 131-I production has been developed. However, comparative assessment of standard and modified 
targets efficiency has not been performed so far. 
This paper presents some estimates of 131-I production with both targets which were irradiated in the WWR-c reactor. It is shown that a 
new target provides a significant (by a factor of three) increase in 131-I production, while specific concentration of 131-I in the initial target 
is slightly (about 20%) decreased. 
We have also investigated replacing aluminum alloy target shell with one made of stainless steel and found a 20% decrease in the 131-I 
yield. 
The comparison between the calculated 131-I yield and the actual 131-I yield testifies that the cumulated 131-I yield can be significantly 
increased. 
Copyright © 2016, National Research Nuclear University MEPhI (Moscow Engineering Physics Institute). Production and hosting by 
Elsevier B.V. This is an open access article under the CC BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ). 
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Currently, expanding the production of 131-I radionuclide
or medical purposes is still relevant. The 131-I radionuclide
T1/2 = 8.02 days, E β = 0.607 MeV,E γ = 364 keV with
robabilities 89.9% and 82%, respectively) is used as a ra-
ioactive marker in wide spectrum of cancer diagnostics (thy-
oid, liver, heart etc.) as well for treatment for some types of
ancer. Development of iodine radiopharmaceuticals produc- 
ion is shown on Fig. 1 . The main consumer of this product∗ Corresponding author. 
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452-3038/Copyright © 2016, National Research Nuclear University MEPhI (Mos
.V. This is an open access article under the CC BY-NC-ND license ( http://creatin the European region is the MRRC of the Russian Min-
stry of Healthcare (Obninsk). Although production of iodine
reparations at the JSC “Karpov Institute of Physical Chem-
stry” grows, is does not cover the whole demand so that
n additional supply of 131-I from NIIAR (Dimitrovgrad) is
ecessary. On the other side, the half-life time of 131-I is
ight days only, meaning that long-distance transportation is
ot feasible. For this reasons, the on-site generation of this
sotope at the Obninsk branch of the JRC “Karpov Institute of
hysical Chemistry” may bring significant economic benefit. 
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131-I production can be increased in several ways: cow Engineering Physics Institute). Production and hosting by Elsevier 
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Fig. 1. Production of 131-I radiopharmaceuticals in JSC “Karpov Institute of Physical Chemistry”. 
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u  - Increase the amount of irradiated targets together with the
number of experimental channels and irradiation chambers
in the WWR-c reactor core; 
- Irradiate targets in other research reactors (for example
IVV-2 M in Zarechny) and nuclear power plants (for ex-
ample the Leningrad NPP) followed by their return for
reprocessing; 
- Position targets in regions with higher neutron flux (for
example in neutron traps) etc. 
All these ways are followed; however each of them has
its drawbacks. Major attention can be payed to modify the
design of targets positioned in the reactor core technological
channels. 
In the present work we perform computational study of
feasibility of the 131-I target modifications. As a result, the
most effective way of production expansion will be clarified
to the manufacturer. 
The main requirements to the irradiation target are: 
- It must fit into a perforated container with inner diameter
of 54 mm. 
- The target’s diameter is limited by the 30 mm 131-I ex-
traction facility. 
- The target is made of pellets sealed intosilica glass am-
poules and withstanding irradiation conditions. 
The first version of the target design, at the begin of 131-I
production, was represented by a set of silica glass ampoules
placed in a perforated container. The target was positioned
into a blind, passive-cooled vertical experimental channel at
the core periphery. This type was not suited for modifications
allowing considerable increase of 131-I production, therefore
a new improved target design with an increased loading of
130-Te was proposed in 2012, which has led to gain in pro-
duction by a factor of six or more. This was insufficient; therefore we also assessed the use
f another construction material in the improved target de-
ign. The new construction material admits higher tempera-
ure of 131-I extraction leading to considerably higher iodine
ield (by a factor of two or more) without melting the target
ladding. The amount of irradiated material is also increased
hile silica glass is not needed. 
Fig. 3 shows calculation model of the modified target
esign. 
esults of calculations 
The WWR-C core model, particularly suitable for calcu-
ations of nuclide generation in technological channels, has
een presented in [1] . This model can be used to compare
31-I generation in different target designs, using the MCNP
2] and the VisualBunOut [3] computer codes. 
We have performed calculations of 131-I yield in the initial
 Fig. 2 a) and modified ( Fig. 3 a) targets, placed in in channels
-1 and 1–4 of the WWR-c core during the reactor campaign.
The WWR-c reactor campaign comprises 100 h per week,
ollowed by shutdown for cooling, fuel and targets reloading
nd other operations. The target is usually placed in the core
uring two campaigns; thus the target is irradiated for 100 h
n the core channel at the nominal power of 10 MWt, the core
s cooled down (the target is positioned in the channels in the
bsence of neutron flux) for 68 h and then the target is again
rradiated for 100 h at the core nominal power. Immediately
fter that the target is processed. 
The major decay chain leading to generation of 131-I is
hown on Fig. 4. 
Before comparing generated activities in the initial and
odified targets, we compare available nuclear data neces-
ary to perform these calculations. 
Currently, there are many evaluated data sets that can be
sed to calculate 131-I yield in the tellurium oxide, irradiated
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Fig. 2. First version of the 131-I production target (b) and its calculation model (a). 
Fig. 3. The modified target design (b) and its calculation model (a). 
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Table 1 
(n, γ ) one-group constants calculated with different libraries, barn. 
Library 130-Te 131-I 
JENDL-3.2 0.085 24.36 
ENDF/B-VII.1 0.060 24.63 
s  
I  ith neutron flux. We use two evaluations: JENDL-3.2 (1990)
nd more recent ENDF/B-VII.1 (2011). 
The One-group constants obtained with these evaluations
or (n, γ ) reaction on 130-Te differ up to 30% ( Table 1 ). 
Let us consider how these discrepancies affect predic-
ion of 131-I concentration. In work [4] we can find con-
entrations of 131-I at several cooling times and values of
he flux spectrum index (the ratio of flux above thermal to
hermal). Since concentration of 131-I depends on the fluxo  pectrum index almost linearly (Table 42.1 in [4] ), N(131-
) = 0.64 + γ , where γ is the flux spectrum index), we extrap-
lated the data from Table 42.1 to the flux spectrum index
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Figs 4. Major decay chain leadingto 131-I. 
Fig. 5. Neutron spectrum in TeO 2 (rel. units per one fission neutron). 
Table 2 
131-I concentration (1/cm 3 ) for TeO 2 several cooling times. 
Days 
VisualBurnOut 
JENDL-3.2 
VisualBurnOut 
ENDF/B-VII.1 Results from [4] 
3 1.24 10 16 0.88 10 16 1.25 10 16 
6 2.21 10 16 1.57 10 16 2.24 10 16 
9 2.96 10 16 2.10 10 16 3.02 10 16 
12 3.54 10 16 2.50 10 16 3.62 10 16 
 
 
 
 
 
 
 
Table 3 
131-I buildup in the Al–Mg–Si alloy target, computed with VisualBurnOut 
(with JENDL-3.2) and ORIGEN-S. 
VisualBurnOut ORIGEN-S 
131-I Concentration, 1/cm 3 2.56 10 16 3.37 10 16 
Activity, Ci 191.4 252.0 
Table 4 
131-I buildup in the stainless-steel target, computed with VisualBurnOut 
(with JENDL-3.2). 
VisualBurnOut 
131-I Concentration, 1/cm 3 2.29 10 16 
Activity, Ci 171.1 
i  
u
 
t  equal to 0.6, that corresponds to the WWR-c reactor. Results
of calculations with the two libraries compared with results
from [4] taken for neutron flux 10 14 1/cm 2 s, are shown in
Table 2. 
We can see considerable discrepancy in the concentration
of 131-I, as predicted with different libraries. There is good
agreement between the results obtained with JENDL-3.2 and
those taken from [4] . It should be noted however that resultsn [4] are rather old and without a reference to the library
sed. 
Let us proceed with calculations of 131-I generation in
he experimental channels of WWR-c for the realistic cam-
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Table 5 
131-I buildup (upper / lower values for initial / modified target designs), computed with VisualBurnOut (with JENDL-3.2). 
Channel 4-1 Channel 1-1 
Block index 
(from bottom 
to top) 
Channel flux 
10 13 1/cm 2 s 
(calcs) 
Channel flux 
10 13 1/cm 2 s 
(exp) 
131-I 
concentration, 
10 16 1/cm 3 Activity, Ci 
Channel flux 
10 13 1/cm 2 s 
(calcs) 
Channel flux 
10 13 1/cm 2 s 
(exp) 
131-I 
concentration, 
10 16 1/cm 3 Activity, Ci 
1 2.35 9 .30 2.35 9 .68 
1.75 26 .34 1.52 22 .86 
2 2.67 10 .56 2.56 10 .10 
2.16 32 .53 2.04 30 .66 
3 3.00 11 .86 2.95 11 .65 
2.45 36 .92 2.47 37 .19 
4 3.49 13 .79 3.27 12 .93 
2.97 44 .60 2.80 42 .13 
5 3.98 15 .73 3.75 14 .82 
3.29 49 .50 3.29 49 .54 
Average over 
blocks 
3.10 3.00 
2.53 2.43 
Sum 7.4 7.3 62 .2 6.6 6.6 59 .2 
7.4 7.3 190 6.6 6.8 182 
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[  aign. Results of the VisualBurnOut code and JENDL-3.2
ibrary were compared (for the design with cladding made of
l-Mg-Si alloy –CAB-1) against the results obtained with
RIGEN-S (the SCALE code system and ROSFOND li-
rary) [5] . The major difference between these codes is in the
rocedure of one-group constants preparation. Table 3 con-
ains results for the experimental channel 1-4 and Al-Mg-Si
lloy target obtained with VisualBurnOut and ORIGEN-S, and
able 4 – for the stainless-steel (12 ×18H10T) target obtained
ith VisualBurnOut. 
Considerable discrepancies (about 35%, see Table 3 ) be-
ween the codes are possibly due to the resonance structure
f Tellurium; for example, 123-Te has a strong resonance
t 2.33 eV (5000 barn). Although its abundance in natural
e amounts only to 1%, it results in a considerable flux
ip ( Fig. 5 ) that influences preparation of one-group con-
tants. Underestimation of this dip results in overestimated
ross-sections that is indeed observed. The 130-Te(n, γ ) reac-
ion cross-section amounts to 0.1 barn when computed with
NDF/B-VII.1 data (to be compared with 0.06 barn with
NDF/B-VII.1 and 0.085 barn with JENDL-3.2 in our calcu-
ations). The one-group constants for ORIGEN-S code were
btained for the 299-goup spectrum obtained with MCNP
hat is presumably not enough to fully account for the self-
hielding effect. 
For comparison ( Table 5 ), we also computed iodine
uildup in the first target design, used until recently. Calcu-
ations have been done for the channels 1-1 and 1-4. It was
ccounted for that the modified target consists of 5 blocks. 
The experiments, conducted in 2013 with the modified tar-
et have shown an increase in the relative 131-I yield by a
actor of two. Calculations predict an increase by a factor of
our or more. Complete extraction of the cumulative specific
ctivity during target processing is not reached due to tech-
ological limitations. This explains that calculations predict
 larger yield for the modified target. Thus, further study ofhe target configuration and geometry is necessary, as well
s improvement of the equipment to maximize the 131-I ra-
ionuclide extraction. 
onclusion 
Calculation results show considerable, up to a factor of
hree, increase in the 131-I radionuclide activity in the mod-
fied target, although the specific 131-I concentration in the
nitial target design slightly (about 20%) decreases, presum-
bly due to changes of the neutron flux characteristics inside
he target. 
When Al–Mg–Si (CAB-1) alloy is replaced with stainless
teel, the probability of the loss of sealing, followed by leak-
ge of 131-I is reduced, that is of great advantage. It should
e however noted an up to 10% 131-I cumulative yield de-
rease, presumably due to an increased neutron absorption in
he steel clad, but more complete extraction of the nuclide of
nterest will increase the cumulative yield considerably. 
In this way, generation of 131-I in the WWR-c core can
otentially be increased by a factor of three. The iodine prepa-
ation cost will be considerably reduced that will make diag-
ostics and treatment of cancer more accessible to the public.
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